The 52.7 MHz deuteron (2H) solid state N M R spectra o f benzene-d6 adsorbed on microcrystal line boron nitride and on two graphitized carbon blacks (G raphon and Sterling MT) were measured at tem peratures between 75 and 120 K. Both on boron nitride and on the graphitized carbons the benzene molecules exhibit hexad axis rotation which is fast on the N M R time scale. From the spectra of benzene on the graphitized carbon blacks it is deduced that the molecules are oriented with their planes parallel to the graphite basal planes exposed. At the deuteron sites the shielding tensor which is set up by the action of the static field on the susceptibility tensor of the graphite microcrystallites possesses a shielding anisotropy o f + 150 ppm and + 200 ppm for the Graphon and Sterling MT blacks, respectively.
Introduction
Several years ago we reported the first detailed spectroscopic study on benzene adsorbed on gra phite [1] by proton magnetic resonance relaxation spectroscopy proposing a x ^7 benzene overlayer structure at low temperatures (< 150 K) with the molecules being oriented perpendicular to the sur face, and carrying out rapid reorientational motions about a two-fold symmetry axis normal to the sur face. In subsequent years the benzene/graphite sys tem was repeatedly studied with the aid o f a variety o f spectroscopic and diffraction m ethods such as neutron scattering and diffraction [ 2 -4 ] , Penning ionization electron spectroscopy (PIES) [5] , and, most recently, low energy electron diffraction (LEED) [6] . In the diffraction works, the unit mesh found by us was confirmed, the notion o f perpen dicular molecular orientation, however, abandoned in favour o f a orientation parallel to the surface.
The most convincing electron spectroscopic and diffraction studies [5, 6] In recent years, Fourier transform 2H solid state N M R spectroscopy has proven to be extremely well suited for the study o f the rotational dynamics o f m olecules and m olecular subgroups in the solid state [7] , In contrast to the proton the deuteron is practically not subject to magnetic m ultispin inter actions but is coupled, in general, almost exclusively to the intramolecular field gradient tensor at the nuclear site on beh alf o f its electric quadrupole moment. This entails that one gets rid o f the very com plicated m agnetic dipolar interactions encoun tered in proton m agnetic resonance applied to adsorbed layers on the surfaces o f finely divided solids [1] .
In the present study we are looking on the benzene/graphite system on a tim e scale o f the order o f microseconds (the reciprocal o f the spectral width) which is many orders o f magnitude larger than the tim e scale o f the electron spectroscopic and diffraction methods. The gain o f information about the system under this view must be paid for by the 0340-4811 / 8 6 / 1200-1361 $ 01.30/0. -Please order a reprint rather than m aking your own copy. lack o f information about the lateral arrangement o f the m olecules in the adsorption layer. Therefore, 2H NM R spectroscopy is com plem entary rather than com petitive to methods using electrons as probes.
Theory
A deuteron (spin I = 1) is considered to be con tained in a m olecule which is physically adsorbed on a (ideally infinitely large) surface plane o f a diamagnetic solid with susceptibility tensor x-Be sides the Zeeman coupling in an applied strong magnetic field B 0 whose direction defines the z-axis o f the laboratory frame o f reference (L) the deu teron experiences a quadrupole coupling via the electric field gradient (EFG ) tensor q at the nuclear site, and a magnetic coupling via a shielding tensor S which is set up by the action o f B 0 on the suscep tibility tensor x Assuming that S does not contain an antisymmetric constituent [8] and hence may be split into the isotropic part 5 (0) = 5isol and the traceless symmetric part S (2), and neglecting other couplings, e.g. dipolar and intramolecular chem ical shielding, the nuclear spin Hamiltonian (in units /?) may be written as [8] -voO -Siso) h + ^q +^s ? In the following the q and S tensors are both taken to be axially symmetric. The axial or at least nearly axial symmetry o f the EFG tensor at the deuteron site in carbon-hydrogen bonds is a matter o f experience [11, 12] . Surface electric field gra dients such as are claim ed to exist above the basal planes o f graphite [13] are, in general, very low as compared to the intramolecular field gradients, and can therefore be neglected [14] . The axial symmetry o f the shielding tensor is a matter o f crystallogra phy. For graphite with a sufficiently large basal plane exposed the axial symmetry o f S is a conse quence o f the axial symmetry o f the susceptibility tensor x In such cases the distinct principle axis (z-axis) o f S is naturally perpendicular to the sur face. Hence, the PAS frame o f S, and the C frame can be chosen to be the same.
With axially symmetric coupling tensors, (2) may be sim plified to 
In (6) and (7) DQCC = e2q Q/h is the quadrupole coupling constant, and ^5 = 5 -s± is the shielding anisotropy.
Introducing (4) and (5) If the rotational m otion considered is fast on the N M R tim e scale the Hamiltonian 2Tq has sim ply to be replaced [9] by its average over the motion, i.e. 3^q = Ä q ( 3 Iz~ 2) where oq is obtained by averag ing in (6) the terms containing the angles 6 and (p . The resonance frequencies are then calculated from (8) by replacing aQ by aQ.
We consider now the case where the rotational m otion occurs about an axis which is fixed with respect to both the molecular frame to which the deuteron is attached and the crystal frame C. Trans form ation o f the EFG tensor by the set o f Eulerian angles (0, A,<P) from its PAS to a coordinate frame w hich is fixed with respect to the C frame and has its z-axis oriented parallel to the axis o f rotation, and performing the average over the m otion yields for the irreducible com ponents o f the m otionally averaged tensor [9] : 
i.e. the m otionally averaged tensor is axially sym metric with its distinct principle axis aligned along the molecular rotation axis. Under these circumstances, the previously devel oped formalism leading to (8) may be taken over merely by replacing in (3) (? §) by given in (10) and redefining the angles 6 and < p . Consequently, in order to cover the two cases o f slow rotational m otion and rapid single axis rotation within a unified theoretical framework, (6) may be used, where the deuterium quadrupole coupling constant DQCC is e2qQ/h and (e2qQ/h) y ( 3 c o s 2J -1) for slow rotational m otion and fast single axis rotation, respectively, and the set (6, cp) denotes the angles On the basis o f the previously developed theory the appearances o f the spectra suggest that in con trast to boron nitride the graphitized carbon sup ports provide magnetic fields which give rise to anisotropy shieldings at the deuteron sites o f the benzene molecules adsorbed thereon. This notion is substantiated by recognizing the highly different In order to demonstrate the uniqueness o f the above result in Fig. 4 are shown the calculated spectra o f benzene m olecules rotating either slowly or rapidly on the N M R tim e scale about the various molecular symmetry axes. Obviously, only the rapid hexad axis rotation m odel is suited to explain the spectra. Taking not into account the asymmetries o f the benzene on graphitized carbon spectra it is evi dent that the m odel o f rapid diad axis reorientation (Fig. 4 d ) The 2H spectrum o f benzene on boron nitride provides no means to determine the orientation o f the adsorbed m olecule with respect to the surface. However, with rapid hexad axis rotation the paral lel orientation o f the molecular plane relative to the surface is the most reasonable assumption [22] . The 2H spectra o f benzene on the graphitized carbon blacks, on the other hand, offer the possibility to determine the molecular orientation since the spec trum shape depends on the relative orientation o f the EFG and shielding tensors which are fixed in the molecular frame and in the crystal frame, respectively. (Fig. 1 c) is rather dif ferent from experiment. In fact, the flat orientation is predicted by theoretical m odels to be the ener getically most favoured configuration [23] [24] [25] .
The The comparison o f the spectra for benzene ad sorbed on Graphon and on Sterling MT proves the Graphon material, which because o f its rather high specific surface area offers less experimental d iffi culties than Sterling is well suited for the study o f gas/graphite surface interactions.
